In order to design earthquake resistant dams and evaluate the safety of existing dams that will be exposed to future earthquakes, it is essential to have accurate and reliable analysis procedures to predict the stresses and deformations in dams subjected to earthquake ground motion. For a damwater-foundation system, the earthquake response is significantly influenced by the interaction of the dam with the impounded water and with the underlying foundation region, thus increasing the requirements for the analysis procedure to be used, and complicating what would otherwise have been considered a routine finite element analysis of a concrete cross-section. In this paper Latyan concrete buttress dam subjected to different records including reservoir effects by finite element method using ABAQUS.
hydrodynamic effects of the impounded water and the effects of interaction between the dam and a flexible foundation [1] . In the 1970s, due to some damages occurred in a number of big dams, the dam interaction analysis was attracted in many researchers to work on the topic. One of the early methods is based upon fluid incompressibility assumption. Based on this assumption, Westergard solved the equation governing the hydrodynamic pressure in the dam reservoir domain (Helmholtz's equation) [2] .
In this method for the analysis of concrete dams, fluid is treated as an added mass to the body of the dam. Then, the studies of Chopra [3] [4] showed that the fluid incompressibility assumption does not predict correctly the applied hydrodynamic pressure on the dam body. Therefore, the earthquake engineering group in concrete dams has considered fluid compressibility in most concrete dams as an important factor in determining the earthquake response [5] . The evaluation of the important hydrodynamic forces that develop on the upstream face of a large dam during severe transient excitations has been the subject of numerous studies, starting with Westergaard's classical work in 1933. Westergaard explained the physical behavior of dam-reservoir interaction for 2D coupled system [6] . Water compressibility and dam flexibility effects have been investigated by Chopra and Chakrabarti [7] [8] . Leger and Bhattacharjee [9] presented a methodology for the approximate representation of the dam-reservoir interaction. At the another study carried out by Lotfi [10] , decoupled modal approach in time domain was proposed using the mode shapes obtained from symmetric part of sub matrices of eigen value equations of damreservoir system. The seismic safety of concrete dams has always been considered as a major factor in the design of new dams and dam safety assessment after earthquakes in the area are discussed. Generally two reasons for growing concern about dams in earthquake resistance can be cited [11] .
1 -The risks of injury due to the increasing population in the area downstream the dam.
2 -Several earthquakes occur in different areas of the world previously thought was inadequate safety measures and the need for continuing research in this area is felt [11] .
In the present study, the dynamic behavior of concrete dam under earthquake and the horizontal component of important parameters such as substrate material and fluid interaction on the dynamic response of concrete dam Latyan Dam and using software (Abaqus) and the modal method are studied. 
CASE DESCRIPTION

GOVERNING EQUATIONS
The Dam-reservoir interaction is represented by two coupled differential equations of the second order. The equations of the structure and the reservoir can be written in the form: is the coupling matrices and {f1} is the vector of body force and hydrostatic force. {f2} is the component of the force due to acceleration at the boundaries of dam-reservoir and reservoirfoundation. {P} and {U} are the vector of pressure and displacement. {Üg} is the ground acceleration and ρ is the density of the fluid. The dot represents the time derivative [13] .
The two-dimensional system considered consists of a concrete gravity dam monolith supported on a horizontal surface of underlying flexible foundation rock, idealized as a viscoelastic halfplane, and impounding a reservoir of water, possibly with alluvium and sediments at the bottom ( Figure 2) . A complete description of the dam-water-foundation system is presented in Ref. [14] .
Fig.2. Dam-water-foundation system
DAM-RESERVOIR INTERACTION
Akkose et al. [15] provided a vast study on different references related to the problem of fluidstructure interaction in which the finite element method is used. According to this study, three methods are used in solving the fluid-structure interaction problem through the use of the finite element method. These methods are: Westergard, Euler-Lagrange and Lagrange-Lagrange.
In the Westergard method; the effect of the reservoir is applied to the structure as an added mass.
In this method, the effect of pseudo fluid stiffness matrix and the interaction between dam and reservoir is neglected during earthquake acting.
In the Lagrange-Lagrange method, the response of both structure and fluid is the displacement, and the governing equations of the dam and reservoir system are symmetric.
In the Euler-Lagrange method; displacement is assumed as the variable response of the structure, and the pressure or velocity potential function is assumed to be the variable response of the fluid.
In this case, the coupled system equations are nonsymmetric.
In this study, the Euler-Lagrange method is used to analyze the dam-reservoir interaction problem.
In both Eulerian and Lagrangeian methods, the governing equation of fluid-structure system is determined using wave propagation through the fluid by assuming linear compressibility and inviscosity. The wave propagation equation through fluid is as follows [16] :
where p is the pressure function and c is the acoustic wave speed. If the fluid would be assumed as incompressible, Eq. (3) would take the following form [16] :
This equation has been solved and studied by many researchers through different analytical and numerical methods. However, in this study, Eq. (3) is used to solve the fluid-structure interaction.
NUMERICAL MODELING
The numerical analysis is made with the program ABAQUS using ABAQUS/Standard as the equation solver. ABAQUS/Standard is a general-purpose finite element analyzer, suitable for analysis of for example static and dynamic problems of both linear and nonlinear models. The model geometry as well as included forces and interaction properties are defined in ABAQUS/CAE (Complete Abaqus Environment).
Model of the dam
A numerical analysis with the finite element analysis software ABAQUS was performed in order to evaluate the stability of the dam and to support the analytical analysis. The numerical analysis is as well as the analytical analysis based on the geometry of the buttress dam Latyan, more precise its monolith 68. The dam body is modeled as a solid 3D deformable body (Figure3), which means that the body may change shape and/or volume when external loads are applied.
The inherent parts are described below and the model of the dam is displayed in Figure 4 . In ABAQUS/CAE, instances are created of the defined parts and are positioned relative to each other to form the assembly of the model. An instance can either be dependent or independent and that will determine how the mesh is defined. A dependent instance shares the geometry and the mesh of the original part [17] . The instances created in the analysis of Latyan dam are "dependent". Therefore the mesh is realized on the inherent parts and not on the associated instances, which would be the case for an independent part instance. The defined mesh is described below for each part of the model and the meshed model as whole is displayed in Figure   5 . A rectangular shaped massless foundation is used in this case while the reservoir length modeled is about five times of the dam height. RIDAS [18] . The normal behavior is described with the "penalty" function, which allows some elastic slip even when the surfaces should be sticking. The penalty method approximates "hard" pressure-overclosure behavior and the overall behavior resembles the one of a spring.
Additionally, separation after contact is allowed for the interaction between dam body and foundation [17] .
Modulus of elasticity of mass concrete in static and dynamic conditions is 40 GPa and 46 GPa, respectively. Poisson's ratio is 0.2 and 0.14 in static and dynamic conditions. Mass density of concrete is 2400 kg/m3. Tensile and compressive strength of concrete are 3.4 MPa and 35.0 MPa, respectively. Thermal expansion coefficient of mass concrete is 6×10-6/°C. Deformation modulus of foundation rock in saturated and unsaturated conditions is 13 GPa and 15 GPa, respectively. Poisson's ratio of rock is 0.25 [19] . The reservoir water density is taken as 1000 kg/m3, the sound velocity is considered 1440 m/s in water and the wave reflection coefficient for the reservoir around boundaries is taken 0.8, conservatively.
Loads
The applied loads are the dam body self-weight, hydrostatic pressure in summer condition Table 1 . 
ANALYTICAL STABILITY ANALYSIS
In this section the results of the analysis is presented. These results represent the calculations specified in Section 4, which in turn is based on the theory introduced in Section 3.
Stress distribution
The numerical analysis yields display the stress distribution in the dam for a situation when all external loads have been applied to the structure. As opposed to the stress distribution derived in the analytical analysis (Figure 7) , the results presented in Figure 7 imply that stress is more in downstream and in upstream and it is because of reservoir effect. 
Displacement
After applying load on model the whole model has displacement in all body.but top of dam is a critical point that can be analyzed separately. In this study, the top displacement of models have been studied too. For M1 and M2 models wit and without water in backfill reservoir top displacements has been illustrated in figure 9 . The precise relationship between the displacements at midpoint of an element to the displacements at the two nodes at its ends will vary with the excitation frequency. Outputs from the program include hydrostatic loads; nodal point displacements and element stresses due to seismic loads; natural vibration frequencies and mode shapes of the dam (if the foundation is assumed to be rigid) or of an associated dam-reservoir system (if dam reservoir interaction is included); complete response histories for stresses and displacements for each finite element; and the peak maximum and minimum principal stress in each finite element and the times at which they occur. Table 2 shows that because of defining concrete damage plasticity in concrete properties, damage counter are different in different models. But it is clear that in models with full reservoir the main damage criteria is in upstream of dam and in all three models with empty reservoir damages are almost near to center and downstream of dam. Using the translational displacement as an example, the field output would describe how the displacements vary over the modeled structure, i.e. it is possible to interpret at which part of the model that the displacements are largest. The correspondingly history output would instead focus on one specific point of the model and describe how the displacements varies with time for that specific point. Diagrams of Figure 10 and 11 illustrate the effects of reservoir on dam performance. 
RESULTS
Analysis procedures are available for earthquake analysis of concrete gravity dams including dam-water interaction is estimated directly from the earthquake design spectrum and response history analysis of a finite element idealization of the dam. The investigation presented in this article has led to the following conclusions:
Reservoir modeling with dam causes to increase displacements, regarding to hydrostatic pressure increasing. In models with full reservoir the main damage criteria is in upstream of dam and in all three models with empty reservoir damages are almost near to center and downstream of dam.
It's important to note that the behavior of mass concrete especially in cracking is based on the strain variation. Also the main performance of the concrete dams is their cantilever action because of releasing the tensile stresses due to vertical joints. Therefore, utilizing the strain-based criteria leads to more reliable interpretations and decision-making in the dam safety field and should be used for practical design of dams. Finally, the estimated overstrained regions are compared with the real crack profile from the nonlinear damage analysis of the dam. The results of the nonlinear analyses satisfy the estimated overstrained regions with acceptable accuracy. 
